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Introduction
In the RAN2 #97 meeting, we discussed the RRM measurement for supporting cell-level mobility and made some agreements as follows.

	Agreements
1. Cell quality can be derived from N best beams where value of N can be configured to 1 or more than 1.
FFS (a) Details of filtering to be applied
FFS (b) How the quality of the serving cell is determined (e.g. from serving beam only or cell quality)
FFS (c) Whether the agreement applies to both additional RS and idle RS
FFS (d) Whether to only consider beams above a threshold (‘good’ beams)



To make progress of the discussion on this issue, the details that were captured as FFS in the agreements should be investigated further. In this context, we will focus on the following FFSs in this contribution.
· FFS (b) How the quality of the serving cell is determined (e.g. from serving beam only or cell quality)
· FFS (d) Whether to only consider beams above a threshold (‘good’ beams)
More specifically, we will investigate the overall UE operation that includes selecting a set of gNB beams and calculating a cell quality based on their quality, particularly when N is greater than 1. Note that FFS (a) will be discussed in our companion paper [1] so that please refer it to understand our overall view on this issue.
The Role of Beam Consolidation
To develop the complete procedure of the RRM measurement in NR, from L1 sampling to the evaluation of reporting criteria, the details of L1/L3 filtering should be discussed. In addition, as NR at high frequency would typically support a gNB and a UE that are equipped with multiple beams, the beam consolidation module that derives a cell quality from individual qualities of gNB beams should also be considered. However, since the RRM measurement in LTE mainly relies on CRS, which is a non-beamformed signal, the details of the beam consolidation module should be newly defined for NR. In this contribution, we will tackle this issue.

Observation 1: The details of the beam consolidation module in NR should be investigated to develop the complete RRM measurement procedure.

In our companion paper [1], we describe several filtering options depending on where the beam consolidation is performed, as shown in Fig. 1. Although the beam consolidation module in each filtering option operates using a different input (i.e., the L1 sample, the output of L1 filter, and the output of L3 filter for Options 1, 2, and 3, respectively), its role is not much different among them, that is, deriving a single value of cell quality from individual qualities of gNB beams detected by UE (i.e. N beams). When the gNB configures N=1 then beam consolidation module role is that of best beam selection to derive the single value of cell quality.



Figure 1 Filtering options with beam consolidation/selection

Observation 2: The role of beam consolidation module would not be much different for different filtering options, that is, it derives a single value of cell quality from individual qualities of gNB beams.

Proposal 1: RAN2 to agree that the beam consolidation/selection module is RRC configured for N=1 or N more than 1.
UE Operation for Cell Quality Determination
We now suggest the UE operation for beam consolidation when N > 1, which consists of (1) selecting the good gNB beams and (2) calculating the average quality of the good beams.

(1) Selecting the good gNB beams

It is desirable that UE selects good gNB beams from the set of detected beams to be consolidated with the best gNB beam in order to obtain a single value of cell quality which is reliable and reflects the actual long term estimate of cell quality. Accordingly, it would be reasonable that the UE performs the beam consolidation only based on a set of “good” beams.

Proposal 2: The UE should perform the beam consolidation only based on a set of “good” gNB beams.

Then, the next issue is how to define the good beams for the beam consolidation. The following two criteria could be considered.
· Criterion 1: A set of beams whose RSRP is greater than an absolute threshold (i.e., RSRP > threshold)
· Criterion 2: A set of beams whose RSRP is not offset (e.g., 3 dB) worse than the best beam’s RSRP (i.e., RSRPbest > RSRP > RSRPbest – offset)  i.e. relative threshold

If Criterion 1 is used, the gNB is required to configure the absolute threshold to the UE to select the good beams. Then, the UE based on the detected gNB beams and the configured absolute threshold could directly determine how many good beams are available in a cell. There are several drawbacks with this option:
1. If no good beam is detected due to the unnecessarily high threshold value, nothing is derived as a cell quality, which seems very unnatural.
2. The number of beams in the system depends on the antenna array configuration and other aspects which are implementation specific. Therefore determining the absolute threshold to configure to the UE for different deployment options would be a challenging task.
3. Although the UE selects the measurement results of good gNB beams above a threshold, it would be possible that some of the selected beams have poor signal quality. If these beams are consolidated with the best gNB beam, the derived cell quality could be largely under-estimated, that is, the cell quality metric is no more reliable.

On the other hand, if Criterion 2 is used, the relative offset compared to the best gNB beam’s RSRP should be configured. In this option, regardless of the offset value, the best gNB beam is always considered as a good beam so that the situation where nothing is derived as a cell quality could be avoided. Even though some simulations and field testing is needed to configure the relative offset, the determined offset is agnostic to the deployment options and the antenna array configuration. Furthermore, if the gNB intentionally sets the offset value to 0 dB, the UE derives a cell quality from the best gNB beam’s quality. This would implicit set N=1 and no additional configuration is needed to specify N. For any other relative offset, the UE selects the good beams within the offset compared to the best beam. This means the selected beams have beam quality which is close in signal strength to the best beams. So when the selected beams are consolidated with the best gNB beam, the derived cell quality is a reliable metric which reflects the actual estimate. In this context, we think that Criterion 2 is suitable for both single beam-based (N = 1) and multi-beam-based (N > 1) methods of cell quality determination.

Proposal 3: We propose RAN2 agree the offset-based criterion to determine a set of “good” beams.
· A set of beams whose RSRP is not offset worse than the best beam’s RSRP
(i.e., RSRPbest > RSRP > RSRPbest – offset)

Proposal 4: The UE shall be configured with the relative offset as the criteria for selecting good beams.

(2) Consolidation method for the selected good beams

After the UE has selected a set of good beams that should be considered for the beam consolidation the method for beam consolidation needs to be standardized and cannot be left to UE implementation. 
Note that RAN2 discussed the following beam consolidation methods for deriving cell quality from individual qualities of gNB beams: (i) summation, (ii) linear averaging and (iii) weighted averaging. Among them, we think that summation and weighted averaging are not appropriate due to the following reasons.
· Drawback of summation
· If the number of good beams in Cell A is different from that in Cell B, the cell quality derived by summing the RSRPs of the good beams is biased towards the cells with more good beams.
· Drawback of weighted averaging
· The underlying principle of this method is to derive a more sophisticated cell quality considering various scenarios, for example, a larger weight is assigned to the best gNB beam since it is more likely to be used for data scheduling. Despite of its intention, it is unclear how to determine a set of coefficients for weighted averaging.
· In addition, if a set of good beams are selected by the offset-based approach, as we proposed, the RSRPs of the good beams are always within the range of [RSRPbest – offset, RSRPbest]. In this case, since they are close each other, the output of the weighted averaging might not much different from that of the linear averaging.
· Property of Linear averaging
· Unlike the methods above, if the criterion 2 is selected then this method has no dependency on the configuration of the value N. Moreover, it does not require a complicated procedure for a gNB or a UE to determine a set of coefficients for averaging.

Proposal 5: The UE shall apply linear average of the good beams’ qualities determined by criterion 2 for the beam consolidation method (i.e., deriving a cell quality).
Conclusions
Observation 1: The details of the beam consolidation module in NR should be investigated to develop the complete RRM measurement procedure.
Observation 2: The role of beam consolidation module would not be much different for different filtering options, that is, it derives a single value of cell quality from individual qualities of gNB beams.

Proposal 1: RAN2 to agree that the beam consolidation/selection module is RRC configured for N=1 or N more than 1.
Proposal 2: The UE should perform the beam consolidation only based on a set of “good” gNB beams.
Proposal 3: We propose to use the following offset-based criterion to determine a set of “good” beams.
· A set of beams whose RSRP is not offset worse than the best beam’s RSRP
(i.e., RSRPbest > RSRP > RSRPbest – offset)
Proposal 4: The UE shall be configured with the relative offset as the criteria for selecting good beams.
Proposal 5: The UE shall apply linear average of the good beams’ qualities determined by criterion 2 for the beam consolidation method (i.e., deriving a cell quality).
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